Am. J. Hum. Genet. 72:281-302, 2003
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To investigate the paternal population history of New Guinea, 183 individuals from 11 regional populations of
West New Guinea (WNG) and 131 individuals from Papua New Guinea (PNG) were analyzed at 26 binary markers
and seven short-tandem-repeat loci from the nonrecombining part of the human Y chromosome and were compared
with 14 populations of eastern and southeastern Asia, Polynesia, and Australia. Y-chromosomal diversity was low
in WNG compared with PNG and with most other populations from Asia/Oceania; a single haplogroup (M-M4)
accounts for 75% of WNG Y chromosomes, and many WNG populations have just one Y haplogroup. Four Y-
chromosomal lineages (haplogroups M-M4, C-M208, C-M38, and K-M230) account for 94% of WNG Y chro-
mosomes and 78% of all Melanesian Y chromosomes and were identified to have most likely arisen in Melanesia.
Haplogroup C-M208, which in WNG is restricted to the Dani and Lani, two linguistically closely related populations
from the central and western highlands of WNG, was identified as the major Polynesian Y-chromosome lineage.
A network analysis of associated Y-chromosomal short-tandem-repeat haplotypes suggests two distinct population
expansions involving C-M208—one in New Guinea and one in Polynesia. The observed low levels of Y-chromosome
diversity in WNG contrast with high levels of mtDNA diversity reported for the same populations. This most likely
reflects extreme patrilocality and/or biased male reproductive success (polygyny). Our data further provide evidence
for primarily female-mediated gene flow within the highlands of New Guinea but primarily male-mediated gene

flow between highland and lowland/coastal regions.

Introduction

The western half of the island of New Guinea, (officially
called “Papua,” formerly “Irian Jaya,” also known as
“West Papua”), hereafter called “West New Guinea”
(WNG), comprises an area of ~420,000 km” and contains
~2,200,000 people belonging to 256 mostly Papuan-
speaking language groups (Grimes 2000; Ethnologue Web
site). In contrast to many regions in the eastern half of
New Guinea (i.e., Papua New Guinea [PNG]), the tra-
ditional lifestyle has been maintained in WING until very
recently, and, indeed, many WNG areas remain virtually
untouched by outside influence, especially in the highlands
and the southern lowlands/coastal areas (Gardner and
Heider 1969; Heider 1970; Mitton 1983; van Enk and
de Vries 1997). In addition, the Austronesian expansion,
a major population movement of eastern Asian Austro-
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nesian-speaking people, which, on the basis of linguistic
and archaeological evidence, reached the northern, east-
ern, and southeastern coast of the New Guinea mainland
~3,500 years ago, appears to have had no influence on
the highlands, southern lowlands, and southern coast of
WNG (Bellwood 1978; Bellwood 1989). This makes
WNG, especially the central and southern regions, a suit-
able area for investigation of the early human population
history of New Guinea, which, according to archaeolog-
ical evidence, goes back at least 30,000-40,000 years
(Groube et al. 1986; Allen et al. 1988; Wickler and Spriggs
1988; Pavlides and Gosden 1994).

Recently, a detailed study of mtDNA variation was
performed on ~200 individuals from 12 regional pop-
ulations (six language families) of WNG (Tommaseo-
Ponzetta et al. 2002). This study revealed high genetic
heterogeneity with respect to mtDNA hypervariable re-
gion 1 (HV1) sequences, as well as phylogenetic evi-
dence for the great antiquity and long-term isolation of
WNG populations. The intergenic COII/tRNA"™* 9-bp
deletion, which is an mtDNA marker for the Austro-
nesian expansion (Redd et al. 1995), was not observed
in the entire WNG sample.

In the same way that mtDNA is informative for in-
vestigating maternal population history, the analysis of
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genetic markers from the nonrecombining part of the
human Y chromosome enables characterization of pa-
ternal lineages. Compared with mtDNA, in general, Y-
chromosomal markers tend to exhibit a higher degree
of population specificity (Seielstad et al. 1998) and,
hence, may be more informative for tracing population
history. Recent Y-chromosome analyses performed by
us and by others identified paternal lineages that appear
to be restricted to Melanesian/eastern Indonesian pop-
ulations, although all such studies to date include pop-
ulation samples from mainland/island PNG and do not
consider populations from WNG, except for a single
population sample from the Bird’s Head area (Underhill
et al. 1997, 2000; Hurles et al. 1998, 2002; Su et al.
2000; Capelli et al. 2001; Kayser et al. 2001a).

We therefore conducted a combined Y-chromosome
analysis of 26 binary markers, selected to be informative
in Asia/Oceania, as well as seven STR loci, in 183 males
from 11 regional populations from the highlands and
the southern lowlands/southern coast of WNG. These
data were compared with those from 131 males from
PNG and 479 additional samples from 14 populations
of east and southeastern Asia, Polynesia, and Australia.
Most of the WNG samples have previously been se-
quenced at the HV1 of mtDNA (Tommaseo-Ponzetta
et al. 2002), which enables a comparison of paternal
and maternal lineages. Also, since the regional WNG
populations studied belong to different language fam-
ilies, live at different altitudes, and have different life
styles (i.e., horticulture, sago gathering, sea and river
fishing, or hunting), the present study allows an inves-
tigation of different environmental and cultural influ-
ences on the genetic structure of WNG populations.

Samples and Methods

Samples

Samples from 183 males from the following 11 WNG
populations were analyzed (sample sizes are given in pa-
rentheses): Dani or Grant Valley Dani (12), Lani or West-
ern Dani (12), Yali or Northern Ngalik (5), Una (46),
Ketengban (19), Awyu (10), Kombai/Korowai (13), Muyu
or Kati (8), Mappi (10), Asmat (20), and Citak (28).
Samples were collected by M. T.P. in 1996, with informed
consent, and are partly identical to those recently studied
for mtDNA variation (Tommaseo-Ponzetta et al. 2002).
All populations speak Papuan languages that belong to
six language families within the Trans New Guinea lan-
guage phylum: Dani-Kwerba (Dani, Lani, and Yali), Mek
(Una and Ketengban), Awyu-Dumut (Awyu, Kombai, and
Korowai), Ok (Muyu), Yaqay (Mappi), and Asmat-Ka-
moro (Asmat and Citak). Populations living in the WNG
highlands (central and western highlands: Dani, Lani, and
Yali; eastern highlands: Una and Ketengban) practice hor-
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ticulture (extensive gardening), whereas those living in the
southern lowlands (Awyu, Citak, Mappi, Muyu, Kombai,
and Korowai) and on the southern coast (Asmat) are sago
gatherers and occasional hunters or fishers. Further de-
scription of the WING population samples can be found
elsewhere (Tommaseo-Ponzetta et al. 2002). An addi-
tional 610 male samples from 18 populations across east-
ern Asia, mainland and island southeastern Asia, main-
land and island Melanesia, Polynesia, and Australia that
were analyzed previously at a subset of the markers used
here (Kayser et al. 20004, 2001a) were also included in
the present study (fig. 1).

Genetic Analyses

DNA for the WNG samples was extracted from dried
mouth swabs by a standard salting-out procedure (Mil-
ler et al. 1988). A total of 26 binary markers (21 SNPs,
two short insertion/deletion polymorphisms [in/dels],
one Alu insertion polymorphism [YAP], and two specific
in/dels at the Y STR locus DYS390]) and seven STR loci
from the nonrecombining part of the human Y chro-
mosome (NRY) were studied. The Y STR loci DYS19
(or DYS394), DYS389I, DYS3891I, DYS390, DYS391,
DYS392, and DYS393 and the binary markers M4, M35,
M16, M9, M119, M122, M175, and RPS4Y,,, were
analyzed, and the DYS390 locus was sequenced, as de-
scribed elsewhere (Kayser et al. 20004, 2001a). M89 was
analyzed via PCR-RFLP, as described elsewhere (Ke et
al. 2001). For the binary markers SRY ,,;, and synonym
SRY-1532 (Whitfield et al. 1995; Rosser et al. 2000);
M38, M74, M83, M95, M104, and M173 (Underhill
et al. 2000); M186, M189, M208, M210, M216, and
M217 (Underhill et al. 20015); YAP (Hammer 1994);
and M230 (P.S. and P.O., unpublished data), standard
PCR conditions were used as described elsewhere (Kay-
ser et al. 20014), with additional details given in tables
1 and 2. Genotyping was performed for some loci via
PCR-RFLP (table 1), with subsequent separation of the
PCR products in a 3% NuSieve agarose gel (Bio Whit-
taker Molecular Applications) and visualization via eth-
idium bromide staining. Alternatively (table 2), geno-
typing was performed via a primer extension reaction,
using the ABI PRISM SNaPshot ddNTP Primer Exten-
sion Kit (Applied Biosystems), and subsequent detection
was performed with an ABI PRISM 377 DNA Sequencer
(Applied Biosystems). SNaPshot reactions were per-
formed according to the instructions of the manufacturer
but using 1-2 pl purified PCR product, 0.5 pmol primer,
and 5 ul SNaPshot Ready Reaction Mix, in a total vol-
ume of 10 ul. The 1-bp insertion/deletion polymorphism
M186 was typed via fragment-length analysis with an
ABI PRISM 377 DNA Sequencer, using PCR primers 5'-
FAM-TCAAAAAGAAATAGGAAACCA-3' and 5-CA-
AGGAGTTAGGAGAACAGAGA-3' at an annealing
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Figure 1 Y-chromosome haplogroups and their frequency distribution in WNG and an additional 18 populations from Asia/Oceania. Population abbreviations are as follows: Kor = Korea,
Chi = China, TaC = Taiwan Chinese, Tai = Taiwan Aborigines, Phi = Philippines, Vie = Vietnam, Mal = Malaysia, Jav = Java, Bor = southern Borneo, Mol = Moluccas, Ten = Nusa Tenggara,
TNB = Tolai New Britain, Tro = Trobriand Islands, PNC = PNG coast, PNH = PNG highlands, WNL = WNG lowlands/coast, WNH = WNG highlands, Coo = Cook Islands, Aus1 = Australia
Arnhem Land, Aus2 = Australia Sandy Desert. For haplogroup relationships see figure 2.



Table 1
Primers and Parameters for PCR/RFLP/Fragment-Length Typing of Y-Chromosomal Binary Markers

PCR PCR-RFLP
Pmme(r’5 ieaq/)uence Annealing Frag(r;le)nt( s)
Temperature p

MARKER/MUTATION Forward Reverse (°C) Enzyme  Ancestral Mutant

SRY 551 A—G CCTCTTGTATCTGACTTTTTCAC CCACATAGGTGAACCTTGAAAAT 57 Dralll 56 30 + 26

M38 T-G GTATGGCAATGGTATGTAGGCA AACTTTTTCATACTTCCACAATCTTTTA 56 Bst4CI 37 + 90 37 + 23 + 67

M74 G-A AACTAGGAAAGTCTGAAAAATAATCAGA GCTGCTGTTGTCTTTTAAGTAACTTACT 56 Rsal 151 47 + 104

M83 C-T AAAGAGAGGCAGCAATGAGAA CCAAAGTGCTGGGATTACAAG 64 Haelll 59 + 41 100

M189 G-T TCCTTTCCTTCTTAGGCTTT ATTAGCACTTACCTATGTGGG 51 Hindlll 6 + 96 + 96 96 + 106

M208 C-T CTGTTATTTGACTCACGAAAATT ACATGAAGTCAGAGAAAGGC 51 Taql 64 + 97 161

M216 C-T TCAACCAGTTTTTATGAAGCTAG GGATTATATGAGAGTAGCAAAAGA 51 Sspl 158 53 + 105

M230 T-A GATTTTAACAATATATACATGGCCA ACATTATTAGTATGTAAATCTTCATTGC 53 Tsp5091 79 + 85 164
Table 2
Primers and Parameters for PCR/SNaPshot Typing of Y-Chromosomal Binary Markers

PCR SNAPSHOT REACTION
Prlme(rsii?;;lence Annealing Annealing
Temperature Length Primer Sequence Temperature

MARKER/MUTATION Forward Reverse (°C) (bp) (53" (°C)
M9S5S C-T GCAATAGTGTTGCACCTTCT GACTCTCCTAAGCCTACAGGTT 52 111 GGATAAGGAAAGACTACCATATTAGTG 54
M104 A/G—A/A TGTCAGAGCTGTCAGCCTTC GGACCTGAGGTCAAGACTTTTAG 55 162 CTCAGTAGAGGAAAATGCTACAGTC 55
M173 A-C CCTAGAAAATTGGAAATAAAGTAA ACTGGCTTATCATTTCTGAATAT 50 98 TACAATTCAAGGGCATTTAGAAC 54
M210 A>T CAGAAGCCGAGTAGGAAGC AGGTGATTTTGTATTTATCTTCCC 54 133 GCTATCTATGACTTTTTAAAACTCTG 51

M217 A-C TCTTTAACTTGTGAAGGAGAATGA GCATTTGATAAAGCTGCTGTG 54 107

GAATGAAAAAGTTGGGTGACAC

55
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temperature of 51°C; resulting fragments were 91 bp
(ancestral) and 90 bp (mutant). YAP was typed as de-
scribed elsewhere (Hammer and Horai 1995). Binary
markers were partly analyzed with a hierarchical strat-
egy devised according to the information given by Un-
derhill et al. (2001b), so that more basal markers, such
as M9 or RPS4Y,,,, were typed in all samples, whereas
markers associated with, for example, the M9G or the
RPS4Y,,,T mutation were typed only in samples in
which the derived state of M9 or RPS4Y,,, respectively,
was observed. Control DNA samples for the ancestral
and mutant state of each binary marker were always
included, to aid in accurate typing.

Terminology and Nomenclature

The terminology and nomenclature used here were
proposed recently by The Y Chromosome Consortium
(YCC), to standardize the use of Y-chromosome markers
(YCC 2002). The terms “haplogroup” and “haplotype”
are used according to de Knijff (2000): “haplogroups”
are NRY lineages defined by binary polymorphisms, and
“haplotype” refers to all sublineages of haplogroups that
are defined by Y STR variation. Binary NRY haplo-
groups are designated by a capital letter identifying the
major clade from the YCC haplogroup tree (YCC 2002)
and the name of the most distal mutated binary marker.

Statistical Analyses

The software package Arlequin, version 2.000
(Schneider et al. 2000; Arlequin’s Home on the Web)
was used to calculate several population genetic param-
eters, including diversity of haplogroups and haplotypes
and the associated SD, mean number of pairwise hap-
lotype differences (MPD), pairwise Fg; values (for hap-
logroups) and Ry values (for haplotypes) and associated
P values based on 10,000 permutations, Fu’s Fs test for
population expansion, and the Mantel test for matrix
correlation. Multidimensional scaling (MDS) analysis of
pairwise Fg; values was performed by means of the soft-
ware package STATISTICA (Statsoft), which was also
used to calculate Spearman rank correlation coefficients.
Nonparametric Mann-Whitney U tests to compare di-
versity values were calculated with the SPSS (SPSS Inc.)
software package. Neighbor-joining trees based on pair-
wise Fg; values were constructed using the relevant pro-
gram in the software package PHYLIP (Felsenstein
1993; PHYLIP Home Page) and were viewed with
TreeView software (Page 1996; TreeView Web site). Me-
dian-joining network analysis (Bandelt et al. 1999) of
haplogroup-associated haplotypes was performed using
the software NETWORK2.0b (Shareware Phylogenetic
Network Software Web site). For network calculation,
each Y STR locus was weighted according to its esti-
mated mutation rate (Kayser et al. 200056), so that loci
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with the highest mutation rates were given the lowest
weights (ratio of weights for DYS393:DYS392:DYS19:
DYS3891:DYS38911:DYS391:DYS390 = 10:10:5:5:
2:2:1). Baysian-based coalescence analysis of haplo-
group-associated haplotypes was performed using the
program BATWING (Mathematical Sciences at Aber-
deen Web site), as described elsewhere (Kayser et al.
2001a).

Results

To investigate the Y-chromosome history of WNG, a
total of 33 Y-chromosomal markers were analyzed in
183 males from 11 regional groups of WNG and in 610
males from 18 other Asian and Oceanian populations
(table 3). In total, 488 different Y chromosomes (based
on NRY binary markers and Y STR markers) were char-
acterized among those 793 individuals belonging to 16
haplogroups (based entirely on binary markers) and 464
haplotypes (based entirely on Y STR markers). Only 6
of these 16 haplogroups were observed in WNG: M-
M4, C-M208, C-M38, K-M230, O-M122, and K-M9
(tables 3 and 4; figs. 1 and 2); we describe these in more
detail.

Haplogroup M-M4

The majority of males analyzed from WNG (77.5%
from the lowlands/coast and 74.5% from the highlands)
carried the M-M4 haplogroup (tables 3 and 4; figs. 1
and 3), which is additionally characterized by the mutant
state of the markers M5, M186, and M189 (fig. 2).
Haplogroup M-M4 was previously identified as the pre-
dominant Y-chromosome type in Melanesia, on the basis
of data from mainland and island PNG (Kayser et al.
2001a), with a frequency of 35.5% in highland PNG,
29% in coastal PNG, 30.2% in the Trobriand Islanders,
and 6.5%-20.6% in eastern Indonesia (table 3; fig. 1).
It has also been observed in other population samples
from Melanesia and eastern Indonesia (Su et al. 2000;
Capelli et al. 2001; Hurles et al. 2002). M-M4 has a
very high frequency overall in WNG, with some groups
completely fixed for this haplogroup, including the Yali,
the Una, and the Ketengban from the eastern highlands
of WNG, as well as the Awyu from the WNG lowlands
(table 4; fig. 3). The coalescence time of chromosomes
carrying the M4G mutation was previously estimated as
~9,700 years on the basis of associated Y STR diversity
(Kayser et al. 20014a). Considering the much larger data
set from the present study (184 males with 75 haplo-
types, compared with 51 males with 41 haplotypes in
the previous study), it was only slightly younger (~8,200
years), with evidence for population expansion ~4,400
years ago (table 5).



Table 3
Y-Chromosome Haplogroup Frequencies (%) and Associated Haplotype Diversity in WNG and 18 Other Populations from Asia/Oceania

FREQUENCY OF HAPLOGROUP
(%)

PorULATION (NO. OF

INDIVIDUALS) F-M89 C-RPS4Y,,, C-M217 C-M38 C-M208 C-390.14, K-M9 K-M230 M-M4 M-M104 O-M175 0O-M95 O-M119 O-M122 P-M74 R-M173
Korea (25) 8.0 0 12.0 0 0 0 8.0 0 0 0 32.0 0 4.0 28.0 4.0 4.0
China (36) 0 0 5.6 0 0 0 11.1 0 0 0 0 2.8 222 58.3 0 0
Taiwan Chinese (26) 0 0 3.8 0 0 0 3.8 0 0 0 11.5 0 23.1 57.7 0 0
Taiwan Aborigines (43) 0 0 0 0 0 0 0 0 0 0 4.7 4.7 79.1 11.6 0 0
Philippines (39) 2.6 10.3 0 0 0 0 2.6 0 0 0 2.6 2.6 41.0 35.9 0 2.6
Vietnam (11) 0 0 9.1 0 0 0 0 0 0 0 0 36.4 9.1 45.5 0 0
Malaysia (18) 5.6 0 111 0 0 0 11.1 0 0 0 0 27.8 11.1 27.8 0 5.6
Java (53) 1.9 1.9 0 0 0 0 1.9 0 0 0 1.9 41.5 22.6 22.6 1.9 3.8
Southern Borneo (40) 5.0 0 2.5 2.5 0 0 10.0 0 0 0 5.0 37.5 15.0 17.5 2.5 2.5
Moluccas (34) 0 8.8 0 14.7 0 0 17.6 20.6 20.6 0 0 0 5.9 11.8 0 0
Nusa Tenggara (31) 0 6.5 0 16.1 0 0 323 9.7 6.5 0 0 0 22.6 3.2 0 3.2
Tolai New Britain (16) 0 0 0 12.5 0 0 37.5 12.5 0 31.2 0 0 0 6.3 0 0
Trobriand Islands (53) 0 0 0 0 9.4 0 22.6 0 30.2 0 0 0 28.3 9.4 0 0
PNG coast (31) 0 3.2 0 12.9 9.7 0 16.1 16.1 29.0 0 0 0 0 9.7 3.2 0
PNG highlands (31) 0 0 0 32 0 0 6.5 51.6 35.5 0 0 0 32 0 0 0
WNG lowlands/coast (89) 0 0 0 9.0 0 0 11.2 2.2 77.5 0 0 0 0 0 0 0
WNG highlands (94) 0 0 0 0 24.5 0 0 0 74.5 0 0 0 0 1.1 0 0
Cook Islands (28) 0 0 0 0 82.1 0 3.6 0 0 0 0 0 0 7.1 0 7.1
Australia Arnhem (60) 1.7 10.0 0 0 0 533 30.0 0 0 0 0 0 0 0 0 5.0
Australia Desert (35) 2.9 0 0 0 0 68.7 17.1 0 0 0 0 0 0 3.0 0 8.6
Overall (793):

No. of individuals 9 17 10 26 54 56 91 35 184 N 17 50 111 109 4 15

No. of haplotypes 9 13 10 19 20 31 73 25 75 N 16 37 59 81 4 12

Haplotype diversity = SE  1.000+.052 .963+.033 1.000%.045 .966+.022 .915+.020 .932+.024 .991+.004 .970=.017 .965+.007 1.000+.127 .993%.023 .981+.010 .977+.006 .983+.007 1.000+.177 .962=+.040

NOTE.—WNG data are highlighted in boldface italic type.
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Table 4
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Y-Chromosome Haplogroup Frequencies (%) in Regional Populations from New Guinea

FREQUENCY OF HAPLOGROUP
(%)

No. oF
POPULATION InDiviDuaLs  C-RPS4Y,,, C-M38 C-M208 K-M9 K-M230 M-M4 O-M119 O-M122 P-M74
WNG:
Dani 12 0 0 91.7 0 0 0 0 8.3 0
Lani 12 0 0 100.0 0 0 0 0 0 0
Yali 5 0 0 0 0 0 100.0 0 0 0
Una 46 0 0 0 0 0 100.0 0 0 0
Ketengban 19 0 0 0 0 0 100.0 0 0 0
Awyu 10 0 0 0 0 0 100.0 0 0 0
Kombai/Korowai 13 0 0 0 53.8 0 46.2 0 0 0
Muyu 8 0 12.5 0 0 0 87.5 0 0 0
Mappi 10 0 10.0 0 10.0 10.0 70.0 0 0 0
Asmat 20 0 20.0 0 5.0 0 75.0 0 0 0
Citak 28 0 7.1 0 3.6 3.6 85.7 0 0 0
PNG*:
Southern highlands 14 0 0 0 71 571 35.7 0 0 0
Eastern highlands 17 0 5.9 0 5.9 47.0 35.3 5.9 0 0
Northern coast 16 0 18.8 18.8 25.0 18.8 12.5 0 6.3 0
Southern coast 15 6.7 6.7 0 6.7 13.3 46.7 0 13.3 6.7

* For other population data from PNG (Tolai, Trobriand) see table 3.

Haplogroup C-M208

Haplogroup C-M208, a sublineage of haplogroup C-
M38 that is also characterized by the DYS390.3 deletion
on the RPS4Y.,, T background (fig. 2), was observed in
24.5% of the WNG highland samples (table 3; fig. 1).
However, with respect to regional WNG populations, C-
M208 Y chromosomes are completely restricted to the
linguistically closely related Dani and Lani from the cen-
tral/western highlands. In the Lani this haplogroup is
completely fixed, and in the Dani it is present in all but
one male (table 4; fig. 3). Outside WNG, the C-M208
haplogroup was found at lower frequency in the northern
coast of PNG (18.8%) and the Trobriand Islands (9.4%).
Interestingly, haplogroup C-M208 is also the major Y-
chromosome haplogroup (82%) in the Cook Islanders
from Polynesia (table 3; fig. 1). These haplogroup C-
M208 Y chromosomes from the Cook Islands were pre-
viously shown to carry the DYS390.3 deletion on the
RPS4Y,,, T background (Kayser et al. 20004, 2001a), so,
at the haplogroup level, C-M208 Y chromosomes from
Polynesia are completely identical to C-M208 Y chro-
mosomes in WNG and PNG. To further investigate the
relationships between C-M208 Y chromosomes in New
Guinea and Polynesia, a median-joining network of the
20 different Y STR haplotypes observed in all 54 C-M208
chromosomes was constructed (fig. 4). This network ex-
hibited two distinct clusters of closely related haplotypes,
with considerable haplotype sharing within but not be-
tween clusters (fig. 4). One cluster consists exclusively of
all of the Dani/Lani haplotypes from WNG, as well as
two more distantly related haplotypes from coastal PNG

and the Trobriand Islands. The other cluster contains ex-
clusively Polynesian haplotypes. Haplotypes from coastal
PNG and the Trobriands represent the connection be-
tween the two clusters (fig. 4). Y STR haplotype diversity
associated with C-M208 was 0.696 in the Dani and Lani
(n = 23), 0.821 in the Trobriands/coastal PNG (n = 8),
and 0.824 in the pooled Melanesians (n = 31), whereas
it was 0.842 in the Polynesians from the Cook Islands
(n = 23). No haplotype sharing was observed between
WNG, PNG, and Polynesia, and differences between the
three groups, based on Ry, values, were highly significant
(P <.0001). The Y STR-based coalescence time of hap-
logroup C-M208 chromosomes was estimated to be
~6,900 years, with evidence for a population expansion
starting ~2,200 years ago (table 5). When treated sepa-
rately, the WNG haplotypes had a time back to the most
recent common ancestor (TMRCA) of ~2,400 years, with
expansion starting ~900 years ago; the Polynesian hap-
lotypes had a TMRCA of ~3,500 years, with expansion
starting ~1,600 years ago; and all Melanesian haplotypes
together had a TMRCA of ~4,800 years, with expansion
starting ~1,500 years ago.

Haplogroup C-M38

Haplogroup C-M38 Y chromosomes, which also
carry the DYS390.3 deletion on the RPS4Y,,, T back-
ground (fig. 2) but lack the M208T mutation, occurred
in 9% of the WNG lowland/coastal samples. This hap-
logroup was restricted to the Muyu, Mappi, Citak, and
Asmat and was not found in the WNG highlands (tables
3 and 4; figs. 1 and 3). Outside WNG, haplogroup C-
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Figure 2

Relationship of 16 Y-chromosome haplogroups based on 26 binary markers. Color code is as in figure 1. Dashed lines indicate

haplogroups not observed in this data set. Nomenclature is according to The YCC (2002).

M38 was found in all other Melanesian groups from
PNG except the Trobriand Islanders (table 3; fig. 1). C-
M38 Y chromosomes were also observed in the Moluc-
cas (14.7%) and Nusa Tenggara islands (16.1%) of east-
ern Indonesia, as well as in a single individual from
southern Borneo (2.5%), but nowhere else in eastern
and southeastern Asia or Australia. The TMRCA of all
haplogroup C-M38 chromosomes was estimated to be
~10,600 years, with a signal of population expansion
beginning ~4,700 years ago (table 5), although this was
the smallest signal of population growth (~0.005/gen-
eration) detected for any Y-chromosome mutation an-
alyzed with this model in this or previous studies (Kayser
et al. 20004, 20014, 2001b). Y chromosomes carrying
the M38G mutation have been found in other popula-
tions from Indonesia, Micronesia, Melanesia, and Poly-
nesia (Underhill et al. 2000, 20014; Redd et al. 2002),
but, since the M208 marker was not typed in these stud-

ies, it is impossible to tell if these are haplogroup C-M38
or haplogroup C-M208 chromosomes.

Haplogroup K-M230

Another haplogroup, which appears to be restricted
to Melanesia and eastern Indonesia, is K-M230. The
M230 mutation was originally identified in New Gui-
nean samples on the M9G background (P.U., P.S., and
P.O., unpublished data), and our results show that hap-
logroup K-M230 characterizes most of the Melanesian
and some of the eastern Indonesian M9G chromosomes,
which, in our previous studies (Kayser et al. 20004,
2001a), could not be further differentiated, because of
the lack of appropriate markers. In WNG, haplogroup
K-M230 was observed only in a single Mappi and a
single Citak (tables 3 and 4; figs. 1 and 3). However,
this haplogroup is much more frequent in PNG. In fact,
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Y-chromosome haplogroups and their frequency distribution in regional populations from New Guinea. Population abbreviations

are as follows: Dan = Dani, Lan = Lani, Yal = Yali, Una = Una, Ket = Ketengban, Awy = Awyu, Koi = Kombai/Korowai, Muy = Muyu,
Map = Mappi, Asm = Asmat, Cit = Citak, SHI = PNG southern highlands, EHI = PNG eastern highlands, NCo = PNG northern coast,

and SCo = PNG southern coast. Color code is as in figures 1 and 2.

in the PNG highlands, K-M230 is the major haplogroup
(51.6%), and it also occurs in the coast of PNG (16%)
and in New Britain (12.5%). Outside Melanesia, K-
M230 was found only in eastern Indonesia, with a higher
frequency in the Moluccas (20.6%) than in the Nusa
Tenggara islands (9.7%). The TMCRA for M230A was
estimated to be ~8,200 years, with a signal of population
expansion beginning ~3,500 years ago.

Haplogroup O-M122

Haplogroup O-M122, a sublineage of O-M175 (fig.
2), was, in WNG, found only in a single Dani (tables 3
and 4; figs. 1 and 3). This haplogroup is the major east-
ern Asian Y-chromosome haplogroup and also occurs in
Melanesia and Polynesia (Su et al. 1999, 2000; Kayser
et al. 20004, 2001a; Capelli et al. 2001). We previously
suggested that haplogroup O-M122 represents Y-chro-
mosome evidence for the Austronesian expansion from
eastern Asia into Melanesia and Polynesia (Kayser et al.
20004, 2001a). However, since Austronesian languages
are completely absent from the region of WNG studied
here, the observation of haplogroup O-M122 in a single
Dani may be more likely to be explained by recent ad-
mixture. Indeed, the Y STR haplotype of this particular
Dani individual is shared by four Philippinos, five Java-
nese, two Trobriand Islanders, and one coastal PNG;

such widespread sharing of this haplotype makes recent
admixture a more probable explanation than more an-
cient Austronesian contact.

Haplogroup K-M9

Haplogroup K-M9 most likely represents the common
ancestor of the majority of non-African Y chromosomes,
and many Y-SNP markers are known on the M9G back-
ground (Underhill et al. 1997, 2000, 20015). Haplo-
groups carrying the M9G mutation (and additional
markers that define sublineages of M9G) are widespread
in Asia and account for 78.4% of all Y chromosomes
in this study (table 3; fig. 2). For WNG, the proportion
of Y chromosomes carrying only M9G and no derived
markers (haplogroup K-M9) is small (~6% of the entire
sample), and usually they were found in only single in-
dividuals from some populations. An exception is the
Korowai/Kombai population, in which haplogroup K-
M09 occurs in ~54% of the samples (table 3 and 4; figs.
1 and 3).

Other Haplogroups not Observed in WNG

Further analyses of additional NRY binary markers
in the previously studied non-WNG samples included
here (Kayser et al. 20004, 20014) revealed a number of
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haplogroups that were not observed in WNG; we de-
scribe these here.

Haplogroup M-M104 was found in all previously
characterized M4G Y chromosomes in the Tolai from
New Britain (31.2%) (Kayser et al. 2001a), whereas this
haplogroup was not observed outside New Britain in the
present study (table 3; figs. 1 and 2). The relevant M104
mutation was originally identified in samples from the
Bougainville islands of PNG (Underhill et al. 2000) and
has also been found on Fiji and on some Polynesian
islands (M.K. and M.S., unpublished data). Additional
sublineages of M-M104, such as M-M16 or M-M83
(Underhill et al. 2000, 20015) were not observed in this
study (fig. 2).

Haplogroup O-M93, a sublineage of O-M175 (fig. 2),
appears to be the predominant southeastern Asian hap-
logroup, with a high frequency in Java (41.5%), Borneo
(37.5%), Malaysia (27.8), and Vietnam (36.4%). It was
rarely observed in China (2.8%), Taiwan (4.7%), or the
Philippines (2.6%), and it was completely absent from
eastern Indonesia, Melanesia, Australia, and Polynesia
(table 3; fig. 1). O-M95 Y chromosomes were also pre-
viously observed in central Asia/Siberia (Su et al. 1999;
Underhill et al. 2000; Wells et al. 2001) and in very low
frequencies in coastal PNG and Western Samoa (Capelli
et al. 2001). Given this distribution, haplogroup O-M95
is most likely of southeastern Asian origin; its TMRCA
was estimated to be ~8,800 years, with a start of pop-
ulation expansion ~4,400 years ago (table 5).

Haplogroup O-M175 Y chromosomes, which carry
the M175 deletion but no derived markers (fig. 2), were
found in high frequency in Korea (32%) but were ob-
served only sporadically in populations from elsewhere
in eastern/southeastern Asia (table 3; fig. 1). This hap-
logroup was completely absent from eastern Indonesia,
Melanesia, Australia, and Polynesia but has been re-

Table 5

Am. J. Hum. Genet. 72:281-302, 2003

Figure 4 Median-joining network of 20 Y STR-based haplo-
types observed in 54 haplogroup C-M208 chromosomes. Circles de-
note the haplotype, with the area of the circle proportional to the
number of individuals carrying the particular Y STR haplotype. A
circle indicating the size that represents one individual is given in the
lower right of the figure. Lines denote Y STR mutation steps (one-
step distance is indicated in the lower right of the figure); parallel lines
represent identical mutations. Network is weighted according to Y
STR mutation rates. Population affiliation of haplotypes is as follows:
black circles = WNG highlands, striped circles (upward-sloping to
the right) = PNG coast, striped circles (dlownward-sloping to the right)
= Trobriand Islands, gray circles = Cook Islands (Polynesia).

ported from central Asia/Siberia (Underhill et al. 2000;
Wells et al. 2001).

Y chromosomes carrying the RPS4Y,,, T mutation
together with the M216T mutation represent, after
the M9 lineages, the second major paternal lineage in
Asia, and this lineage also spread into the Americas
(Karafet et al. 1999; Underhill et al. 2000, 200154,
Wells et al. 2001). In the present study, 20.5%
of all samples carry RPS4Y,,, T/M216T and fre-
quently carry additional derived markers. Y chro-

Coalescence-Based Demographic Inference for Haplogroup-Defining Y-SNP Mutations, Based on Associated Y STR Haplotype

Diversity

MEDIAN (95% EQUAL-TAILED INTERVAL)

Initial Effective

Population Growth

Start of Population

Population Size/1,000 Rate/Generation Expansion TMRCA
HAPLOGROUP (MUTATION)® Individuals (x1073) (x 1077 years) (x 1073 years)
M-M4 (M4G) 1 (.07-.65) 12.8 (5.2-29.5) 4 (1.8-10.3) 2 (3.8-20.6)
C-M208 (M208T) 1(.07-.58) 10 1 (.5-40.0) 2 (.2-9.2) 9 (2.8-19.7)
C-M38 (M38G) 5 (.01-1.06) 6 (.1-22.2) 7 (.1-19.8) 10 6 (4.5-30.3)
K-M230 (M230A) .23 (.07-.70) 13 7 (2.9-39.9) 5(1.2-10.4) 1(3.4-23.2)
0O-M95 (M95T) 7 (.07-.67) 16.3 (5.3-41.8) 4 (1.9-11.0) 8 (3.9-23.2)
O-M119 (M119C)® 5 (.08-.74) 18.3 (7.1-39.9) 9 (1.8-9.5) 12 4 (5.0-34.0)
O-M122 (M122C)° 5 (.07-.78) 14.5 (5.9-33.2) 0 (2.7-14.5) 11.1 (5.1-28.3)

NoTE.—Posterior probabilities are shown; for prior probabilities, see Kayser et al. (2001a).
* Shown only for those mutations/haplogroups observed in >20 individuals.

® From previous studies (Kayser et al. 20004, 2001a).
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Table 6
Y-Chromosome Diversity Characteristics of WNG and 18 Other Populations from Asia/Oceania
No. of No. of Haplogroup No. of Haplotype
Population Individuals  Haplogroups Diversity + SD  Haplotypes  Diversity = SD
Korea 25 8 .820 + .050 24 997 + .013
China 36 N 611 + .073 34 .997 + .008
Taiwan (Chinese) 26 5 622 + .085 24 994 + 013
Taiwan (Aborigines) 43 4 .365 + .088 30 .980 + .010
Philippines 39 8 707 = .048 26 964 = .017
Vietnam 11 4 .709 + .099 11 1.000 + .039
Malaysia 18 7 .850 = .053 18 1.000 = .019
Java 53 9 .736 + .038 38 .980 + .009
Southern Borneo 40 10 .809 + .045 39 999 + .006
Moluccas 34 7 .863 + .022 21 961 + .017
Nusa Tenggara 31 8 826 = .041 30 998 = .009
Tolai New Britain 16 N 775 + .068 14 983 + .028
Trobriand Islands 53 5 774 + .024 38 983 + .008
PNG coast 31 8 854 + .034 27 989 + .012
PNG highlands 31 N 622 + .059 26 985 + .013
WNG lowlands/coast 89 4 .382 + .061 42 .964 + .009
WNG highlands 94 3 .390 + .046 23 .884 + .021
Cook Islands 28 4 325 + .110 15 .894 + .043
Australia Arnhem Land 60 N 623 + .046 42 962 + .017
Australia Sandy Desert 35 5 .506 = .090 25 .966 + .020
Overall 793 16 464

NOTE.—WNG data are highlighted in boldface italic type.

mosomes carrying only RPS4Y.,, T/M216T and no de-
rived markers—and, thus, belonging to haplogroup
C-RPS4Y,,,—were observed in the present study only
at low frequency in the Philippines, Java, eastern In-
donesia, coastal PNG, and Australia (table 3; fig. 1).

Haplogroup C-217, a sublineage of C-RPS4Y,,, (fig.
2), was observed in Korea (12%), China (4%—-6%), Viet-
nam (9%), Malaysia (11%), and Borneo (2.5%) but not
in eastern Indonesia, Melanesia, Polynesia, or Australia
(table 3; fig. 1). This haplogroup is reported to be wide-
spread through central and eastern Asia, and it also oc-
curs in North America (Karafet et al. 2001; Underhill
et al. 2001b; Redd et al. 2002).

Haplogroup R-M173 is thought to be an ancient Eu-
roasiatic marker, representing the earliest expansion into
Europe ~30,000 years ago (Semino et al. 2000). In ad-
dition to its high frequency in Europe it is also found
at lower frequencies in central Asian populations (Sem-
ino et al. 2000; Underhill et al. 2000; Karafet et al. 2001;
Wells et al. 2001), where it may have originated (Wells
et al. 2001). Therefore, haplogroup R-M173 Y chro-
mosomes, which were observed here in single individuals
from eastern and southeastern Asian populations and
more often in Polynesia and Australia (table 3; fig. 1),
may reflect an original central Asian contribution. An
alternative explanation is recent European admixture,
especially in Polynesia and/or Australia, where European
influence is well known.

Finally, nine Y chromosomes, which, in our previous

study, could not be assigned to any Y-chromosomal hap-
logroup and thus were referred to as “complete ances-
tral” (Kayser et al. 2001a), were found here to belong
to haplogroup F-M89 (table 3; fig. 1), which occurs in
Europe and Asia (Underhill et al. 2000).

Y-Chromosome Diversity in WNG

Y-chromosome diversity in WNG was low when com-
pared with the 18 other populations of Asia/Oceania,
including PNG. The lowland/coastal WNG sample and
the highland WNG sample showed the third and fourth
lowest haplogroup diversity value (table 6; fig. 1), higher
only than Polynesians and the aboriginal Taiwanese. For
haplotype diversity, the highland WING had the lowest
value and lowland/coastal WNG had the fifth lowest
value (together with the Philippines), higher only than
that of the Polynesians, the Moluccas, the WNG high-
landers, and the Australians from Arnhem Land (table
6).

The reduced Y-chromosome diversity in WNG is more
striking in the different regional/linguistic groups (table
75 fig. 3). In a number of WNG groups, only a single
haplogroup was observed, even with reasonably large
sample sizes (19-46). Reduced haplogroup diversity was
observed in nearly all groups from the highlands of
WNG (Dani/Lani, Yali, Una, and Ketengban), whereas,
in groups from the lowlands and coast, the diversity was
usually slightly higher, except for the Awyu (table 7).



Table 7

Genetic Diversity Based on Y-Chromosome and mtDNA Analysis of Regional Populations from New Guinea

No. of Individuals  No. of Y = Y-Haplogroup No.of Y  Y-Haplotype No. of mtDNA mtDNA mtDNA
Population Y/mtDNA Haplogroups Diversity = SE Haplotypes Diversity + SE Y MPD = SE Types® Diversity + SE* MPD =+ SE*
WNG:
Dani 12/21 2 167 = 134 4 455 £.170  2.00 = 3.72 17 98 = .02 6.00 = 3.00
Lani 12/NA 1 0 5 667 = 141 1.03 = .84 NA NA NA
Yali S/NA 1 0 3 800 = 164 2.20 x 2.04 NA NA NA
Una 46/50 1 0 11 749 = 061 2.80 = 2.25 28 96 + .01 7.90 = 3.72
Ketengban 19/22 1 0 7 608 = 127 140 = 1.40 9 .81 = .07 5.90 = 2.93
Awyu 10/12 1 0 6 889 = .075 298 = 1.57 9 .89 + .08 8.99 + 4.45
Kombai/Korowai 13/NA 2 539 = .060 6 718 = 128 299 = 2.17 NA NA NA
Muyu 8/9 2 250 = .180 7 964 = .077 539 + 3.81 8 97 + .06 5.72 = 3.03
Mappi 10/19 4 533 = 180 6 844 = 103 542 = 3.91 14 92 = .05 8.47 = 4.10
Asmat 20/25 3 416 = 116 14 963 £ .025  6.52 = 4.39 17 95 + .03 4.18 = 2.15
Citak 28/39 4 267 = .107 14 860 = .056 4.84 = 3.57 23 92 = .03 7.59 = 3.62
PNG":
Southern highlands 14/7 3 582 = .092 12 967 = .044 414 = 1.85 7 1.00 = .08 8.76 = 4.61
Eastern highlands 17/8 5 .684 = .081 14 971 £ .032  5.54 = 3.20 7 .96 = .08 9.39 + 4.83
Northern coast 16/13 6 867 £ .043 15 992 = .025 7.73 £ 2.89 12 99 = .04 8.38 = 4.15
Southern coast 15/18 7 781 = .102 12 962 = .040 5.71 = 2.56 8 .70 = 12 2.64 = 1.48

NOTE.—NA = mtDNA data not available.

* mtDNA data are from Tommaseo-Ponzetta et al. ( 2002).

" For other population data from PNG (Tolai, Trobriand), see table 3. Samples for mtDNA sequencing from PNG were selected on the basis of 9-bp deletion (Redd et
al. 1995) and/or particular SSO types (Redd and Stoneking 1999) and, hence, are not a random sample.
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Figure 5 Two-dimensional MDS plot of regional populations from New Guinea, from pairwise Fg values based on Y-chromosome

haplogroups. The MDS stress value equals 0.075. Population abbreviations are as in figure 3. Regional code: Bl = WNG highlands; [] =

WNG lowlands/coast; ¢ = PNG highlands; O = PNG coast/islands.

This is also reflected by the haplotype diversity data
based on Y STRs (table 7). The average diversity within
WNG highland groups was significantly smaller than
within WNG lowland/coastal groups, based on all three
Y-chromosome diversity measures (for haplogroups,
0.033 vs. 0.43, Mann-Whitney U test: Z = —2.44,
P < .05; for haplotypes, 0.656 vs. 0.890, Z = —2.52,
P <.05; for MPD, 1.89 vs. 4.88, Z = —2.84, P <.01).
Moreover, WNG groups were, on average, significantly
less diverse than PNG groups, on the basis of haplogroup
(0.265 vs. 0.685, Mann-Whitney U test: Z = —2.46,
P <.05) and haplotype data (0.792 vs. 0.956, Mann-
Whitney U test: Z = —2.06, P <.05), but not signifi-
cantly so on the basis of MPD of haplotypes (3.63 vs.
5.32, Mann-Whitney U test: Z = —1.69, P> .05).
Within-PNG diversity values were, on average, lower in
highland groups than in the coastal groups for all three
measures, although not significantly so (for haplogroups,
0.593 vs. 0.824, Mann-Whitney U test: Z = —1.73,
P >.05; for haplotypes, 0.943 vs. 0.977, Z =0, P>

.05; MPD for haplotypes, 4.39 vs. 6.72, Z = —1.73,
P >.05).

Population Relationship Analyses

To investigate population relationships, MDS analyses
were performed on the basis of pairwise Fg; values for Y
haplogroups. The MDS plot of regional groups from New
Guinea (fig. 5) reveals that WNG groups cluster together,
except for the Dani/Lani and the Kombai/Korowai, which
appear fairly separated from all other WNG populations.
The MDS plot also shows that WNG highland groups
are closer to WNG lowland/coast groups than to PNG
highland groups, and, similarly, PNG highland groups are
closer to PNG coastal/island groups than to WNG high-
land groups. A neighbor-joining tree based on Y haplo-
group-based F; values reveals an identical clustering of
New Guinea populations (tree not shown). To further
investigate the patterns, we examined differentiation of
New Guinean populations (excluding the Dani/Lani, who
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are clear outliers) when grouped according to geography
and altitude. Pairwise Fg; values for Y haplogroups (table
8) revealed that, although always statistically significant,
differences between groups within the same geographic
region but from different altitudes were, on average, gen-
erally smaller than differences between groups from dif-
ferent geographic regions but within the same altitude.
That is, the smallest Fg; values were observed between
groups from the PNG highlands and PNG coast and be-
tween groups from the WNG highlands and WNG low-
lands/coast.

In an MDS plot of all Asian/Oceanian populations
studied here, those from WNG and (to a lesser extent)
highland PNG are separated from coastal and island
Melanesians (fig. 6). The latter form a group with the
eastern Indonesian populations and are somewhat sep-
arated from a cluster of the remaining eastern and south-
eastern Asian populations. The Polynesian sample, the
two Australian samples together, and the Taiwan aborig-
ine sample are clearly separated. A nearly identical pop-
ulation clustering was observed in a neighbor-joining
tree (tree not shown).

Comparison of Y-Chromosome with mtDNA Data

Sequences of the mtDNA HV1 from eight of the WNG
groups analyzed here for Y-chromosome variation (Tom-
maseo-Ponzetta et al. 2002) were used for comparative
analyses of paternal and maternal relationships (the Ko-
rowai are omitted because of low sample size in the
mtDNA data [z = 2]). As seen in table 7, the low Y-
haplogroup diversity of WNG populations contrasts
sharply with the high mtDNA diversity. Groups such as
the Una, Ketengban, Awyu, and Dani, for which the Y-
chromosome haplogroup diversity is zero or almost zero,
have mtDNA haplotype diversities >0.81 (mostly >0.90).

Am. J. Hum. Genet. 72:281-302, 2003

Even for the generally more variable Y STR haplotypes,
diversity was always lower than for mtDNA (except for
the Asmat), especially in the Dani, in which there were
just two Y haplogroups and four Y STR haplotypes in
12 individuals but 17 mtDNA types in 21 individuals
(table 7). mtDNA diversity in WNG highland groups is,
on average, slightly lower than in WNG lowlands/coastal
groups, but the difference is not statistically significant
(diversity 0.917 vs. 0.93, Mann-Whitney U test: Z =
—0.45, P>.05; MPD 6.60 vs. 6.99, Z = —0.15, P >
.05). This is in contrast to the findings for the Y chro-
mosome, where diversity is, on average, significantly
lower in WNG highland groups than in lowland/coastal
groups, for all three diversity measures (see above). How-
ever, if one considers for Y-chromosome analyses only the
eight WNG populations for which mtDNA data are avail-
able (see footnote “a” of table 9), Y haplogroup diversity
is, on average, lower in WING highland groups (0.056)
than in lowland/coastal groups (0.293), although not sig-
nificantly so (Mann-Whitney U test: Z = —1.68, P>
.05), whereas it is, on average, significantly lower for Y
haplotypes (diversity: 0.604 vs. 0.904, Z = —2.24, P<
.05; MPD: 2.07 vs. 5.03, Z = —2.24, P < .05). Overall,
correlation analyses of diversity values from Y-chromo-
somal haplogroup/haplotype versus mtDNA data re-
vealed no significant relationships (Spearman rank cor-
relation: diversity, mtDNA/Y haplotypes: R = 0.19,
P > .05; diversity, mtDNA/Y haplogroups: R = 0.17,
P >.05; MPD, mtDNA/Y haplotypes: R = —0.17, P >
.035).

Differences between Y chromosomes and mtDNA are
also seen in the pairwise Fg; analysis when New Guinea
groups are analyzed according to geography and altitude
(table 8). For mtDNA, the average Fy; value was smallest
between WNG highland groups and PNG highland
groups, whereas for the Y chromosome the largest av-

Table 8

Differentiation of New Guinean Populations, Grouped According to Altitude

Population WNG Highlands WNG Lowlands/Coast PNG Highlands PNG Coast
WNG highlands® .1978 .0789 3315
WNG lowlands/coast® 1572 .0957 .3690
PNG highlands* .6148 3122 2623
PNG coast* 4945 2026 .0851

NOTE.—Data are average pairwise Fg; values from Y-chromosome haplogroup analyses (below the
diagonal) and pairwise Fg; values from mtDNA sequence analyses (above the diagonal), based on seven
populations in which mtDNA and Y-chromosome data were both available (Una, Ketengban, Awuy,
Muyu, Mappi, Asmat, and Citak; the Dani were not included, since they do not share any haplogroups
with any WNG highland/lowland or PNG highland group). Samples for mtDNA sequencing from PNG
were selected on the basis of the 9-bp deletion (Redd et al. 1995) and/or particular SSO types (Redd
and Stoneking 1999) and, hence, are not a random sample.

* Includes the Una and Ketengban populations.

" Includes the Awyu, Muyu, Mappi, Asmat, and Citak populations.
¢ Includes the southern highland and eastern highland populations.
4 Includes the northern coast and southern coast populations.
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Figure 6 Two-dimensional MDS-plot of populations from Asia/Oceania from pairwise Fg; values based on Y-chromosome haplogroups.

The MDS stress value equals 0.138. Population abbreviations are as in figure 1. Regional code: [] = eastern/southeastern Asia; ll = Australia;

e = Melanesia; O = Polynesia.

erage Fg value was observed between these same groups.
Conversely, the smallest average Fq; value for the Y chro-
mosome was between PNG highland and PNG coastal
groups, whereas the average Fg; value based on mtDNA
was much larger between PNG highland and coastal
groups. Mantel tests of the Fg matrices derived from Y-
chromosome haplogroup and mtDNA data for those
eight populations for which both Y chromosomes and
mtDNA were available (see footnote “a” of table 9)
revealed no significant correlation, either within WNG
alone (r = —0.05, P >.05) or when PNG is also in-
cluded with WNG (r = 0.33, P >.05). On the basis of
mtDNA, grouping according to either language or al-
titude does not describe the genetic structure of WNG,
since for both comparisons the between-group compo-
nent is small and not significantly different from 0 (table
9). Overall, we observe a much bigger between-group
component for the Y chromosome than for mtDNA.
This is especially evident when grouping is performed
on the basis of language. On the basis of Y-chromosome
data, the between-population component is almost en-

tirely between the language groups, but for mtDNA it
is mostly between populations within groups. The four
WNG lowland populations (Mappi, Muyu, Citak, and
Awyu) are not significantly differentiated from one an-
other with respect to mtDNA or Y haplogroups, al-
though the Y haplotypes do show significant differences
among them (table 9).

Discussion

Low Y-Chromosome but High mtDNA Diversity
in WNG

WNG, especially the highlands and southern low-
lands/southern coast, is considered to be one of the most
isolated inhabited regions in the world. This is reflected
by the Y-chromosome data presented here. Only 6 Y
haplogroups were found, out of 16 so far observed to
be present in the entire Asia/Oceania region. In addition,
Y STR haplotype diversity was low in WNG compared
with that in other populations from Asia/Oceania. This
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Table 9

Am. J. Hum. Genet. 72:281-302, 2003

AMOVA Based on Y-Chromosomal and mtDNA Data from WNG Populations

VARIANCE COMPONENTS (%)

Y Haplogroups

Y Haplotypes mtDNA

Between Within ~ Within Between Within ~ Within Between Within ~ Within
GROUPING Groups Groups Populations  Groups Groups Populations  Groups Groups Populations
No grouping (8 populations)® 49.38 50.62 32.99 67.01 13.22 86.78
Altitude/geography (4 groups) —16.77 62.8 53.97 —-1.01 33.73 67.28 1.63 11.87 86.5
Language (6 groups) 53.26 a1 46.62 23.56 11.77 64.67 —2.27 15.24 87.03
Lowland only (4 populations) -1.33  101.33 9.40 90.60 3.53 96.47

NoTE.—Nonsignificant values are shown in boldface italic type.

* Includes those eight populations in which mtDNA and Y-chromosome data were available (Dani, Una, Ketengban, Awuy, Muyu,
Mappi, Asmat, and Citak). For group definitions, see the “Samples and Methods” section.

reduced Y-chromosome diversity in WING was especially
striking when individual groups were considered. In §
of 11 WNG groups, only a single Y haplogroup was
observed. Y STR haplotype diversity of WNG groups
ranged from 0.455 to 0.963 and was < 0.90 in 9 of the
11 groups. This compares to data from globally dis-
persed human populations recently obtained for the
same Y STR loci used here, where Y haplotype diversity
was 0.86-0.997 but was <0.90 in only one (coastal
PNG) population and was >0.98 in 13 of the 20 pop-
ulations analyzed (Kayser et al. 2001¢).

Although WNG groups do show reduced genetic di-
versity of paternal lineages, they do not show reduced
diversity of maternal lineages. mtDNA diversity in WNG
populations was 0.81-0.98 and was >0.90 in six of the
eight populations (Tommaseo-Ponzetta et al. 2002).
Moreover, the MPD was 4.18-8.99 (table 7), which is
comparable to MPD values for populations from around
the world (Oota et al. 2002).

One explanation for observing low levels of Y-chro-
mosome diversity but high levels of mtDNA diversity in
the same populations could be extreme patrilocality and/
or biased reproductive success in males (e.g., only a few
males father most of the offspring). All Papuan-speaking
populations in New Guinea are strictly patrilocal, and
patrilineal clans are the central units of social, economic,
and political organization. In patrilineal clans, all chil-
dren belong to the father’s clan and marriage is exog-
amous, with wives coming from a different clan. In pat-
rilocal societies, male offspring stay in the family/village
where they are born, whereas female offspring do not.
Consequently, women in patrilocal societies are brought
into the families/villages from outside. The genetic con-
sequences of patrilocal social structure in reducing Y-
DNA diversity but maintaining mtDNA diversity (and
vice versa for matrilocal societies) has recently been dem-
onstrated for hill tribes from Thailand (Oota et al.
2001). In four of the five highland WNG groups studied
here, we observed even less Y STR diversity than in the

least diverse patrilocal group studied by Oota et al.
(2001). Furthermore, most (if not all) traditional New
Guinean populations practice (or practiced until the in-
fluence of Christianity) polygyny (Pospisil 1963; Heider
1970; Trenkenschuh and Hoogebrugge 1970; Tomma-
seo-Ponzetta 1986; Schiefenhovel 1988; Hays 1991; de
Vries 1993; van Enk and de Vries 1997), where some
men have more than one wife, and others have none.
Heider (1970) reports from a Dani community of the
Dugum neighborhood, highland WNG, that 29% of the
men had more than one wife (range 2-9) and that 38%
of the men were not married. Very similar values are
reported for a Citak community from the Brazza river
in the southern lowlands of WNG, with 27% of the men
living in polygynous families and 38% not married
(Tommaseo-Ponzetta 1986). In an Eipo community from
the upper Eipomek valley in the eastern highlands of
WNG, 12% of the men were polygynous and 27% were
not married (Schiefenhovel 1988). Polygyny is also re-
ported to be frequent in many other Papuan-speaking
groups from WNG (Pospisil 1963; Trenkenschuh and
Hoogebrugge 1970; Hays 1991; de Vries 1993; van Enk
and de Vries 1997).

Another potential factor that might reduce paternal
(but not maternal) genetic diversity is warfare, which
predominantly affects males and was common until the
second half of the 20th century in most Papuan societies
of New Guinea (Brown 1978; Feil 1987; Heider 1997).
The number of men involved and killed in warfare var-
ied, but cases are known in which warfare led to the
extinction of all adult males in a community, whereas
killing of women in warfare is reported to be highly
immoral in WNG societies and is thus rare (Pospisil
1963). For example, genealogical studies revealed that
28.5% of the men in a Dani community, but only 2.4%
of the women, were killed in warfare (Heider 1997).
Also, for many highland PNG societies, the victims of
warfare include a much higher proportion of men than
women (Feil 1987). Thus, a stronger reduction in Y-
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chromosome diversity but not in mtDNA diversity
would be the consequence of warfare, and this is exactly
what we observed in the present study.

An additional explanation for the fairly homogeneous
Y-chromosome gene pool in WNG might be lifestyle.
Only the highland WNG groups in this study (Dani/
Lani, Yali, Una, and Ketengban) practice horticulture
(extensive gardening, mostly of sweet potato), whereas
the remaining groups from the lowlands and southern
coast are hunter/fisher/sago gatherers (Tommaseo-Pon-
zetta et al. 2002). In all but one of these horticultural
highland groups, only a single Y haplogroup was found
(in the Dani, one individual carried an additional hap-
logroup), whereas only one of the seven hunter-gatherer
groups (Awyu) showed a single Y haplogroup. More-
over, Y-chromosome diversity in the horticultural groups
is, on average, lower than in the nonhorticultural groups,
for all three diversity measures estimated (for Y hap-
logroups, 0.033 vs. 0.43, Mann-Whitney U test: Z =
—2.44, P<.05; for Y haplotypes, 0.656 vs. 0.890,

= —2.52, P<.05; for Y haplotype MPD, 1.89 vs.
4.88, Z = —2.84, P <.01). This severe reduction in Y-
chromosome diversity in horticultural groups might be
the result of a more recent population expansion caused
by food production, in connection with founder effects
and isolation. A median-joining network of the C-
M208-associated Y STR haplotypes shows a starlike
picture for all Dani/Lani (WNG) haplotypes, with most
of them being identical or one-step derivatives (fig. 4),
and a similar picture was observed for the haplotypes
from the Cook Islands of Polynesia. Thus, two different
expansions can be assumed, involving C-M208 chro-
mosomes—one in WNG, including the linguistically
closely related Dani and Lani from WNG, that began
(on the basis of coalescence analysis; table 5) ~900 years
ago, and another in Polynesia, starting ~1,600 years ago,
although only small signals of population growth were
detected (ratesof 6 x 107>and 9 x 10 per generation,
for WNG and Polynesia, respectively). The current pop-
ulation size of the Dani/Lani is ~270,000 (Grimes 2000),
which is the largest observed in WNG (and New Guinea
in general), suggesting a dramatic population expansion
for this group.

If the reduced Y-chromosome diversity is indeed a re-
sult of population expansion associated with horticul-
ture, this should also be detectable in the mtDNA data.
Indeed, for two of the highland WNG populations that
practice horticulture and show strongly reduced Y-chro-
mosome diversity (Dani and Una; mtDNA data are not
available for the Lani), Fu’s Fs test for the mtDNA data
from Tommaseo-Ponzetta et al. (2002) revealed a sta-
tistically significant indication of population expansion
(Dani: Fs = —4.90, P<.05, Una: Fs = —6.71, P<
.05). However, for the Ketengban, who also practice
horticulture and carry only a single Y haplogroup, the
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mtDNA data do not reveal a significant indication of
population growth on the basis of this test (Fs = 0.81,
P >.05). Moreover, one nonhorticultural WNG group,
the Asmat, also shows a significant departure from neu-
trality in the direction of population expansions (Fs =
—5.67, P <.05). mtDNA data reveal an average lower
diversity in the horticultural than in the nonhorticultural
populations, consistent with the Y-DNA results, but the
differences were not significant (diversity: 0.917 vs. 0.93,
Mann-Whitney U test: Z = —0.45, P > .05; MPD: 6.60
vs. 6.99, Z = —0.15, P > .05). That there might be rea-
sons for population expansion other than horticulture
is indicated by the mtDNA data of the Asmat, a coastal
fishing and sago gathering group of WNG, which also
show evidence of population expansion from Fu’s Fs test
and from a large current population size of ~50,000
(Grimes 2000), which is higher than in all other WNG
groups studied here except the Dani/Lani.

Melanesian Y-Chromosome Lineages

On the basis of haplogroup frequency distributions,
haplogroup-associated Y STR diversity, and resulting co-
alescent time estimates, we suggest that at least four Y-
chromosomal lineages—namely, haplogroups M-M4, K-
M230, C-M38, and C-M208—most likely arose in
Melanesia, prior to the Austronesian expansion. Our
data for eastern Indonesia provides further evidence for
this, with a higher frequency of the M-M4 and K-M230
haplogroups in the Papuan-speaking groups from the
Moluccas than in the Austronesian-speaking groups
from the Nusa Tenggaras islands. Evidence for a Mel-
anesian, rather than an eastern Indonesian, origin of
three of these haplogroups (C-M208 was not found in
eastern Indonesia) comes from haplogroup-associated Y
STR haplotype diversity data. For haplogroups M-M4
and C-M38, haplotype diversity and MPD are always
larger in Melanesia compared with eastern Indonesia
(M-M4: haplotype diversity 0.96 vs. 0.94 and MPD 4.4
vs. 3.6; C-M38: diversity 0.96 vs. 0.87 and MPD 5.3
vs. 4.0), and both groups show significant differentiation
on the basis of R (P <.001). For haplogroup K-M230,
the MPD in Melanesia is higher than in eastern Indonesia
(4.1 vs. 3.0), although haplotype diversity is not (0.96
vs. 0.98), and both groups are not statistically different
from each other on the basis of R¢; (P = .77). A Mel-
anesian origin for these haplogroups is also supported
by linguistic evidence for a mainland New Guinea origin
of the Papuan languages found in eastern Indonesia
(Ross, in press).

Genetic Differences between WNG and PNG

Although the four Melanesian Y haplogroups are
present in both PNG and WNG, their frequencies differ
between the two regions. This observation is surprising,
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in that there is no biological or cultural reason to expect
differentiation between the eastern and western part of
New Guinea, since the central cordillera of New Guinea
runs through the entire island from the east to the west.
Also, on the basis of linguistic evidence, there is no such
differentiation, since all languages spoken in the New
Guinea highlands belong to the Trans New Guinea Phy-
lum (Ross 1995, in press; Osmond et al., in press). None-
theless, there is a clear east-west differentiation, based
on haplogroup K-M230, between the WNG highland
populations (where K-M230 is completely absent) and
the PNG highland populations (where the frequency of
K-M230 is 43%-71%). Given the overall rugged to-
pography of the New Guinea highlands, it would seem
more reasonable to expect differentiation to occur on
the scale of local settlements—for example, between val-
leys—rather than between WNG and PNG. More-de-
tailed sampling of highland populations, especially from
PNG, may help to address this issue.

Furthermore, Y-haplotype diversity associated with
these four Y haplogroups differs between WNG and
PNG and is always smaller in WNG. For the major
Melanesian haplogroup M-M4, of 71 different haplo-
types of 175 M-M4 Y chromosomes from New Guinea,
only 3 are shared between PNG and WNG; the hap-
lotype diversity of PNG (0.983, based on 36 individuals)
is larger than that of WNG (0.942, based on 139 in-
dividuals), and, on the basis of Ry values, there is sta-
tistically significant differentiation between WNG and
PNG.

Some of the difference between PNG and WNG can
also be explained by the presence of the haplogroups O-
M122 and O-M119 in PNG but not in WNG. Both
haplogroups are of Asian origin and were most likely
brought to New Guinea by the Austronesian expansion
(Kayser et al. 20004, 2001a). In keeping with this hy-
pothesis, both haplogroups are not only essentially ab-
sent from WNG, but they also have higher frequencies
in coastal PNG than in highland PNG (figs. 1 and 3;
tables 3 and 4). This fits well with the assumed route of
the Austronesian expansion and the present-day distri-
bution of Austronesian languages along the northern
coast of WNG and PNG and the east coast of PNG but
not into the highlands of PNG or the highlands and
southern lowlands/coastal areas of WNG (Bellwood
1978, 1989). Although the existence of Austronesian
haplogroups does enhance diversity in PNG and does
contribute to the differences between PNG and WNG,
this effect is not significant. After removing haplogroups
O-M119 and O-M122 from the analysis, the average
diversity in PNG (0.660) is still significantly higher than
in WNG (0.301) (Mann-Whitney U test: Z = —2.48,
P <.05), and the Fg; value between PNG and WNG is
statistically significant (F;; = 0.230, P <.001). More-
over, average diversity in highland PNG (0.579) is still
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lower than in coastal PNG (0.783), but not significantly
so (Mann-Whitney U test, Z = —1.73, P = .08), al-
though the Fg; value between highland and coastal PNG
is statistically significant (F, = 0.077, P <.05).

When only the four Melanesian haplogroups (M-M4,
K-M230, C-M38, and C-M208) are analyzed, the average
diversity within WNG groups is still significantly lower
(0.112) than in PNG groups (0.565) (Mann-Whitney U
test: Z = —3.02, P <.01), and differentiation between
WNG and PNG based on Fg; is still significant (F;; =
0.287, P < .001). Within WNG, the highland groups are,
on average, significantly less diverse (0.000) than the low-
land/coastal groups (0.205) (Mann-Whitney U test:
Z = —2.12, P < .05), and both regions are significantly
different from each other (F;; = 0.114, P <.001). How-
ever, diversity in the PNG highland groups is, on average,
lower (0.498) than in PNG coastal/island groups (0.665),
but not significantly so (Mann-Whitney U test: Z =
—0.577, P > .05), and the differentiation based on F; is
not quite statistically significant (F = 0.078, P =
.055). Thus, the differences observed in the entire data
set between highland and coastal groups from PNG seem
to be mainly caused by haplogroups other than the four
Melanesian Y haplogroups, whereas in WNG those dif-
ferences are caused by the four Melanesian haplogroups.

Sex-Specific Migration in New Guinea

On the basis of Y-chromosome data, we observed that
WNG groups from the highlands are genetically more
similar to WNG lowland/coastal groups than the WNG
highland groups are to PNG highland groups or the
WNG lowland/coastal groups are to PNG coastal/island
groups. Also, PNG highland groups are more similar to
PNG coastal/island groups than they are to WNG high-
land or WNG lowland/coastal groups. In other words,
on the basis of New Guinean Y-chromosome data, ge-
netic differences between groups within the same geo-
graphic region but at different altitudes were generally
smaller than those between groups from the same alti-
tude but different geographic regions. In contrast, on the
basis of mtDNA data, WNG groups from the highlands
are genetically more similar to the PNG highland groups
than to the WNG lowland/coastal groups, and, similarly,
the PNG highland groups are more similar to the WNG
highland groups than to PNG coastal/island groups.
However, the inferences based on the PNG mtDNA se-
quences may be influenced by the nonrandom ascer-
tainment of the samples selected for sequencing; mtDNA
sequence diversity in the coastal PNG samples may be
artificially low, since most of these samples were selected
on the basis of the 9-bp deletion (Redd et al. 1995),
whereas diversity in the PNG highlands may be over-
estimated, since samples with different SSO types were
chosen for sequencing (Redd and Stoneking 1999).
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Nevertheless, our results imply that gene flow within
the highlands of New Guinea, between PNG and WNG,
is primarily female-mediated, whereas gene flow be-
tween highland and lowland/coastal regions, within both
WNG and PNG, is primarily male-mediated. Male-me-
diated contact between highland and lowland/coastal
regions of New Guinea is also supported by the presence
(albeit at very low frequency) of Austronesian Y chro-
mosomes in the highlands of WNG and PNG (such as
haplogroups O-M119 and O-M122), which could also
reflect recent admixture. In contrast, the mtDNA 9-bp
deletion, which is associated with the Austronesian ex-
pansion, has so far never been observed in the PNG
highlands (Hertzberg et al. 1989; Melton et al. 1995;
Redd et al. 1995; Sykes et al. 1995; Redd and Stoneking
1999) nor in WNG (Tommaseo-Ponzetta et al. 2002).

Correlation of Language and Genes in New Guinea

Haplogroups O-M119 and O-M122, which are of
Asian origin and in New Guinea are found mainly—but
not exclusively—in Austronesian-speaking coastal and
island populations and in Austronesian-speaking south-
eastern Asians and Polynesians but are nearly absent
from non-Austronesian-speaking populations of Mela-
nesia, are though to have been brought to New Guinea
by the Austronesian expansion (Kayser et al. 20004,
2001a). Thus, at least for large language categories like
the Austronesian and Papuan languages, a general lan-
guage-gene correlation exists with respect to the Y chro-
mosome. Within WNG, population structure analysis by
means of AMOVA from Y-chromosome haplogroup and
haplotype data revealed that grouping according to lan-
guage is supported somewhat more by the Y-chromo-
some data than by mtDNA data. However, we also iden-
tified instances in WNG in which Y chromosomes and
language are not correlated. For example, linguistically,
the Yali are more closely related to their western neigh-
bors, the Dani/Lani, all belonging to the Dani-Kwerba
or Dani language family (Foley 1986). In contrast, our
Y-chromosome data show that the Yali are different
from the Dani/Lani and identical to their eastern neigh-
bors, the Una and Ketengban, which belong to a dif-
ferent language family, the Mek. This is also reflected in
the location of the Yali in the MDS plot (fig. 5), which
is close to the Una/Ketengban but distant from the Dani/
Lani. Additional genetic evidence for the Y-chromoso-
mal relationship of the Yali with their eastern Mek-
speaking, but not their western Dani-Kwerba—speaking,
neighbors comes from the Y STR haplotype analysis.
For the three haplotypes observed among the five Yali,
two are shared with the Una and one with the Keteng-
ban, but none is shared with the Dani/Lani. Linguistic
data also indicate contact between the Yali and the Una/
Ketengban, since extensive word borrowing is reported
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between the Yali and Mek languages (Heeschen 1998).
Another example in which language and Y-chromosome
genetics are not correlated is the Awy-Dumut language
family, to which the Kombai, Korowai, and Awyu be-
long. The Kombai/Korowai show a Y-haplogroup com-
position different from that of the linguistically related
Awyu (table 4; fig. 3), which explains their separate
placement in the MDS plot (fig. 5). This difference comes
from the large proportion of haplogroup K-M9 in the
Kombai/Korowai, whereas K-M9 is completely absent
from the Awyu. Thus, in general, there does not seem
to be a significant correspondence between language and
the Y chromosome in WNG.

Conclusions

We find that genetic variation in WNG is characterized
by a reduced diversity of Y-chromosome DNA but not of
mtDNA. This seems to reflect cultural features of these
Papuan societies, such as their patrilocal residence, their
patrilineal and exogamous social clan system, and the
high frequency of polygyny. In addition, warfare, which
existed until recently in WNG groups and mainly affected
men but not women, may have contributed to a reduction
of paternal but not maternal genetic lineages. Our data
further provide evidence for primarily female-mediated
gene flow within the highlands of New Guinea but pri-
marily male-mediated gene flow between highland and
lowland/coastal regions, both in WNG and PNG. We also
find little correspondence between population relation-
ships based on linguistic versus Y-chromosome data. Fur-
ther sampling of highland populations, to address the
apparent genetic differences between WNG and PNG
highlanders, and of northern coast Austronesian and Pap-
uan-speaking groups from WNG and PNG, to address
the magnitude of genetic differentiation between these
language families, will greatly aid our understanding of
the genetic prehistory of New Guinea.
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